taken advantage of these yolk-DFC bridges to deliver However, there is no direct evidence in any vertebrate fluorescein-tagged MOs to DFCs via injection into the that the genes involved in LR development are specifiyolk cell at mid-blastula stages (between 3-4 hpf ures 2E and 2N) . In addition, analysis of the midline (Figures 2G-2I ), col2a and shh (not shown) revealed that the midline defects observed in ntl morphants were not seen in DFC ntlMO embryos. After 3 days of development, when the no tail phenotype was obvious in ntl morphants, DFC ntlMO embryos appeared indistinguishable from wild-type controls (Figures 2J, 2L, and  2N) . Although previous studies have suggested roles for DFCs in embryonic axis, midline, and/or tail development [2, 3, 20], our results indicate that these processes are independent of ntl function in DFCs.
To determine whether LR patterning is dependent on Ntl expression in DFCs, we assessed molecular asymmetries by analyzing lefty1 (lft1) and lefty2 (lft2) gene expression in DFC ntlMO embryos. lft1 and lft2, which are normally expressed on the left side of the brain and heart field in lateral plate mesoderm, respectively ( Figures 3A,  3D , and 3E), are expressed bilaterally in ntl mutants [15] and ntl morphants ( Figures 3B, 3D, and 3E ). In contrast, DFC ntlMO embryos showed a randomized array of lft1 and lft2 expression including a high frequency of reversed laterality ( Figures 3C-3E) , which was distinct from the bilateral phenotype observed in ntl morphants and ntl mutants. Consistent with the randomized molecular LR phenotype, heart laterality was aberrant in 35% of DFC ntlMO embryos (n ϭ 163). As an important control indicating that the ntlMO must be delivered to DFCs in order to elicit LR defects, embryos injected with ntlMO into the yolk at late blastula stages (4-5 hpf), when cytoplasmic bridges between the yolk and DFCs are closed, had normal heart and brain LR development ( Figure S1 ).
In additional control experiments to test whether MO injected at mid-blastula stages were active only in DFCs and not in other cells in close proximity, we targeted another gene in the LR pathway, lft1. During gastrulation, ntl is expressed in all mesoderm precursor cells, including dorsal margin cells, notochord precursor cells, and 
